Using in vitro amplification of cDNA by the polymerase chain reaction, we have detected spliced transcripts of various tissue-specific genes (genes for anti-Mullerian hormone, .3-globin, aldolase A, and factor VIMIc) in human nonspecific cells, such as fibroblasts, hepatoma cells, and lymphoblasts. In rats, erythroid-and liver-type pyruvate kinase transcripts were also detected in brain, lung, and muscle. The abundance of these "illegitimate" transcripts is very low; yet, their existence and the possibility of amplifying them by the cDNA polymerase chain reaction provide a powerful tool to analyze pathological transcripts of any tissuespecific gene by using any accessible cell.
We have recently demonstrated that transcripts of the Duchenne muscular dystrophy (DMD) gene could be detected not only in muscle and brain as expected but also, at a very low level, in cultured fibroblasts, lymphoblasts, and Hep G2 hepatoma cell lines (1) . Therefore, we asked whether this phenomenon-namely, low transcription of a tissue-specific gene in nonspecific cells-was particular to the DMD gene, or corresponded, in fact, to a general phenomenon of basal transcription of any gene in any cell type.
To answer this question, we examined the presence of transcripts of different tissue-specific genes in various human and rat nonspecific tissues and cultured cells.
Four human genes were chosen for this study: (i) the gene for the anti-Mullerian hormone (AMH), which is specifically expressed in embryonic testis Sertoli cells and is responsible for regression of Mullerian ducts in males (2-4); (ii) the gene for f-globin, which is specific to adult erythroid cells; (iii) the gene for factor VIIc, which is mainly expressed in liver (deficiency of which is associated with the chromosome Xlinked disease hemophilia A); and (iv) the gene for aldolase A, which possesses three optional promoters, one of them being exclusively active in adult skeletal muscle, while the others are ubiquitous (5) . One rat gene was also chosen: the rat L-type pyruvate kinase gene, which possesses two alternative promoters, one specific to hepatocytes (L-type) and the other to erythroid cells (L'-type). The start sites of transcription controlled by these promoters define the 5' ends of two alternative coding first exons. L-and L'-type pyruvate kinase subunits differ, therefore, by their N-terminal ends (6, 7).
MATERIALS AND METHODS
Isolation of RNA. Total cellular RNA was extracted from three different human lymphoblastoid cell lines, from one strain of human fetal skin fibroblasts and Hep G2 hepatoma cells (8) , and from various human and rat tissues by the method of Chirgwin et al. (9) . Fibroblasts and Hep G2 cells were harvested at confluency. Lymphoblasts were harvested in the exponential growth phase.
Oligonucleotide Primers. Oligonucleotide primers were synthesized according to sequences determined in our laboratory (5, 6) or published elsewhere (2) . The oligonucleotide primers complementary and identical to mRNA sequences were chosen in different exons, as reported in Fig. 1 .
Amplification by the cDNA Polymerase Chain Reaction (cDNA-PCR) (1). Specific first-strand cDNA synthesis. Ten to 20 jig of total RNA was incubated at 42°C for 1 hr in 10 Al of 50 mM Tris HCl buffer (pH 8.3) containing 75 mM KCI, 3 mM MgCl2, 10 mM dithiothreitol, and 5 pmol of the oligonucleotide primer complementary to the transcript and corresponding to the 3' part of the fragment to be amplified (see details in Fig. 1 ). The cDNA was synthesized by primer extension using 100 units of Moloney murine leukemia virus reverse transcriptase (BRL) per ,g of RNA incubated at 42°C for 2 hr in 100 ,ul of the same buffer additionally containing 1 mM each dNTP (dATP, dCTP, dGTP, and dTTP), 50 units of placental ribonuclease inhibitor (RNAsin, Promega Biotec), 1 mM sodium pyrophosphate, and 50 ,g of bovine serum albumin per ml.
PCR. After NaOH hydrolysis of RNA and neutralization, the synthesized cDNA was coprecipitated with 0.25 to 0.5 ,g of the oligonucleotide primers, complementary and identical to the transcripts (see Fig. 1 ). cDNA and primers were resuspended in 50 Aul of Thermus aquaticus (Taq) DNA polymerase buffer: 16.6 mM ammonium sulfate/67 mM Tris-HCI, pH 8.8/6.7 mM MgCI2/10 mM 2-mercaptoethanol/6.7 ,M EDTA/1 mM dNTP (dATP, dCTP, dGTP, and dTTP)/ 10% (vol/vol) dimethyl sulfoxide. After 10 min at 94°C and 2 min at room temperature, 2 units of Taq DNA polymerase (New England Biolabs) was added, and the second strand of the cDNA was synthesized for 5 min at 70°C; this step was followed by 25-30 cycles of amplification (denaturation, 1 min at 92°C; annealing, 1 min at 42°C; extension, 2 min at 700C).
Analysis of the cDNA-PCR Amplified Products. The amplified products were separated by electrophoresis on 8-10% (wt/vol) polyacrylamide gels. After alkaline denaturation for 30 min by a 0.2 M NaOH/0.6 M NaCl solution and washing for 30 min with a 7% (vol/vol) formaldehyde solution, gels were blotted overnight onto nylon filter and then hybridized with specific probes.
AMH and L-and L'-type pyruvate kinase probes corresponding respectively to the first exon of the AMH gene and to the first common exon of the pyruvate kinase gene were labeled with [32P]dCTP by random priming.
The f3-globin probe was a 6-kilobase (kb) fragment of genomic DNA including the first two exons of the gene. The factor VIIc probe was a 4.7-kb fragment of factor VIlIc Abbreviations: DMD, Duchenne muscular dystrophy; L-type, liver type; L'-type, erythroid type; AMH, anti-Mullerian hormone; cDNA-PCR, amplification of cDNA by polymerase chain reaction.
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The aldolase A probe, corresponding to the musclespecific exon cloned in M13, was labeled by primer extension by using a 18-mer complementary to the 3' end of this exon.
Final wash of filters was performed at 650C in 0.1% sodium dodecyl sulfate containing 0.2x SSC (lx SSC = 0.15 M NaCl/0.015 sodium citrate, pH 7) for at least 30 min. Autoradiographic exposure of filters was done for variable times at -700C with an intensifying screen. The intensities ofthe bands were measured by scanning with a Shimadzu densitometer.
RESULTS

Detection of Human and Rat Tissue-Specific Transcripts in
Nonspecific Ceils or Tissues. The cDNA-PCR amplified products from human fibroblasts, lymphoblastoid cell lines, and hepatoma cells were subjected to blot hybridization analysis.
Figs. 2, 3, and 4 show that it was possible to amplify AMH, /3-globin, and muscle-specific aldolase A transcript fragments from fibroblasts, lymphoblastoid cell lines, and hepatoma cells. Factor VIIIc transcripts were also detected in lymphoblastoid cell lines (data not shown). No specific amplification occurred when the first step of cDNA synthesis was omitted or when DNA amplification and cDNA synthesis were performed using sets of primers corresponding to different genes. This showed that specific amplification was due to initial RNA templates and not to contaminating DNA fragments (Fig. 5) .
For all three genes studied, the amount of amplified fragment [which is known to be proportional to the abundance of initial template (10)] was 3-to 10-fold higher when starting from lymphoblasts as compared with Hep G2 cells. It was 10-to 40-fold higher when starting from lymphoblasts as compared with fibroblasts. This amount, as expected, was maximal when starting from tissue known to express the corresponding gene (testis for AMH, fetal liver for P-globin, skeletal muscle for aldolase A, and liver for factor VIIIc). We were also able to amplify an important amount of (3- Fig. 1 (11) , and L'-type pyruvate kinase mRNA was abundant in fetal liver and spleen of rats treated with acetylphenylhydrazine (a drug that induces hemolytic anemia) (12) . Nevertheless, the two types of cDNA fragments, complementary to either L-or L'-type transcripts, could also be amplified from muscle, brain, and lung RNAs (data not shown).
Amplified DNAs Derived from Spliced RNAs. The size of amplified fragments obtained by using primers from different exons corresponded to the expected size of spliced transcripts, indicating that the initial templates were bona fide spliced RNAs and not contaminating genomic DNA or heteronuclear RNA. The identity of amplified RNA-derived DNA fragments was assessed by specific hybridization with appropriate probes (Fig. 2 A and C, Fig. 3 A and C, and Fig.  4) . It was further confirmed by restriction analysis. Digestion of amplified products by appropriate restriction enzymes produced fragments of the expected sizes determined by the cDNA sequences (Fig. 2 B and D and Fig. 3 B and D) . In addition, the sequence ofthe amplified AMH cDNA fragment was checked by the Maxam and Gilbert method (13) . One of the primers used for the amplification was 5'-end-labeled by polynucleotide kinase reaction. After polymerase chain reaction, the amplified radiolabeled fragment was eluted from the gel, and its sequence was determined. It corresponded exactly to the expected AMH cDNA sequence (2) . DISCUSSION "Illegitimate Transcription." Tissue-specific and developmentally regulated expression of genes is the basic mechanism of development and differentiation in multicellular eukaryotes. Therefore, genes can be classified into two groups: tissue-specific genes, which are exclusively expressed at a certain stage of development of certain tissues, and housekeeping genes, which are expressed in essentially all cells (14, 15) . The first group encodes proteins involved in functional and phenotypic characteristics of cells; the second group encodes common structural proteins or ubiquitous enzymes. Thus, transcripts of tissue-specific disease genes are considered to exist only in the corresponding tissuee.g., liver for a liver disease, muscle for a muscle disease, etc.
We show in this paper that, in fact, highly tissue-specific genes, such as those for AMH, factor VIIIc, and P-globin, are expressed as spliced transcripts in nonspecific tissues. The same phenomenon was observed for transcripts of genes that have alternative tissue-specific promoters (genes for aldolase A and L-type pyruvate kinase). These results, following the initial finding of low-level expression of the DMD gene in nonmuscle tissues (1) , suggest that any gene may be transcribed at a very low level in any cell type. As a consequence, using the cDNA-PCR procedure, one could amplify DNA fragments complementary to specific gene transcripts by starting from RNAs extracted from any easily accessible cells.
We have previously shown in the case of DMD gene transcripts that fibroblasts and lymphoblasts contained less than one molecule of the specific spliced RNA per 500-1000 cells (1) . The same seems to be true in the case of transcripts ofthe other tissue-specific genes analyzed here in nonspecific cells. It is unlikely that these very rare transcripts play any role. Rather, their presence in nonspecific cells would indicate a basal level of transcription of tissue-specific genes outside of the tissues where they are normally active. We call this low-level ubiquitous transcription of tissue-specific genes "illegitimate transcription." These results are in agree- Fig. 1 (14, 17) , some being ubiquitous [e.g., TATA box factors (14, 18) , RNA polymerase, CAAT box binding proteins (14, 19) ] and others being tissue-specific (20 of Abnormal Highly Tissue-Specific Genes. Whatever the mechanism of illegitimate transcription, this phenomenon provides a powerful tool for investigating pathological transcripts by using easily accessible cells (e.g., fibroblasts, lymphoblasts, and even peripheral blood cells). The coding sequence being more compact in mRNA than in DNA, it is much easier to search for an unknown mutation by studying the messenger rather than the gene itself. This approach is particularly warranted for huge genes, like the DMD and the factor V1Ic genes. However, until now, this approach had been limited by the difficulty of obtaining pertinent mRNAs when they are located in inaccessible cells (e.g., brain, liver, pancreas, and heart), sometimes at a very low level. The finding that such mRNAs are virtually present in all cell types and the possibility of amplifying faithful cDNA fragments by starting from easily accessible cells greatly enlarge the perspective for this approach. Starting from lymphoblast RNAs, one could amplify cDNA fragments encompassing the sequence of any approximately 2 kb-long mRNA by using four or five pairs of oligonucleotide primers.
This method also could be used for quickly cloning a cDNA fragment corresponding to some partially sequenced putative exons, even if the site of maximal transcription of this putative gene is unknown.
